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PREFACE 
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ments o f  t he  species and t o  desc r i be  how popu la t ions  o f  the  species may be 
expected to r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1 i fe h i s t o r y ,  eco log i ca l  r o l e ,  env i  ronmental 
requirements, and economic importance, i f  appl i c a b l  e. A t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they are prepared. This 
p r o j e c t  i s  j o i n t l y  planned and financed by t he  U.S. Army Corps o f  Engineers and 
the  U.S. F ish  and W i l d l i f e  Service. 
Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  to :  
I n fonna t i on  T rans fe r  Special  i s t  
Nat iona l  Coastal Ecosystems Team 
U.S. F ish and W i l d l i f e  Serv ice  
NASA-Sl i d e l  1 Computer Compl ex 
1010 Gause Boulevard 
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M e t r i c  t o  U.S. Customary 
m i l l  imeters  (mm) 
cen t imeters  (cm) 
meters (m) 
k i  1  ometers ( km) 
square meters (m2) 10.7 6 
square k i  1  ometers ( km2) 0.3861 
hec ta res  (ha )  2.471 
To Obta in 
inches 
inches 
f e e t  
m i l  es 
square f e e t  
square m i l e s  
acres 
l i t e r s ( 1 )  , 
cub i c  meters  (m ) 
cub ic  meters 
0.2642 gal 1  ons 
35.31 c u b i c  f e e t  
0.0008110 acre- f e e t  
m i l  1  igrams (mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i lograms ( kg )  2.205 pounds 
m e t r i c  tons ( t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons  
k i  1  ocal  o r i e s  ( kca l  ) 3.968 B r i t i s h  thermal u n i t s  
Ce ls ius  degrees 1.8(C0) i- 32 Fahrenhei t degrees 
U.S. Customary t o  M e t r i c  
inches 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
f a  thoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l es  (nmi )  1.852 
2 
square f e e t  ( f t  ) 
acres 2 
square m i l e s  (mi ) 
ga l  1  ons ( gal ) 3.785 
cub ic  f e e t  ( f t 3 )  0.0283 1 
acre- f e e t  1233.0 
ounces (02)  28.35 
pounds ( I b )  0.4536 
s h o r t  tons  ( t o n )  0.9072 
B r i t i s h  thermal  u n i t  (B tu )  0.2520 
m i l  1 imeters  
cen t imeters  
meters 
meters 
k i l  ometers 
k i  1  ometers 
square meters 
hectares 
square k i  1  ometers 
1 i t e r s  
c u b i c  meters 
cub i c  meters 
grams 
k i  1 og rams 
m e t r i c  tons 
k i  1  ocal  o r i e s  
Fahrenhei t  degrees 0.5556(F0 - 32) Cel s  i u s  degrees 
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F igu re  1. American e e l .  
AMERICAN EEL 
S c i e n t i f i c  name . . A n g u i l l a  r o s t r a t a  
Pre fe r red  common name . . . American 
ee l  (F igu re  1 )  
Other common names . . . . . Angui l  l e y  
ye1 1  ow ee l  , green ee l  , b l a c k  e e l  , 
1 i t t l e  e e l ,  bronze ee l ,  g l ass  
ee l  , s i  1  v e r  ee l ,  r i v e r  ee l  
Class . . . . . . . . . . Oste ichthyes 
Order . . . . . . . . . Angu i l l i f o rmes  
Fami ly  . . . . . . . . . A n g u i l l i d a e  
Geographic range: Mu1  t s  o r  va r i ous  
developmental s tages occur  i n 
f reshwater  r i v e r s ,  coas ta l  
waters, and t h e  open ocean f rom 
t h e  southern t i p  of Greenland, 
Labrador, and Newfoundland south-  
ward a long  t h e  A t l a n t i c  coas t  o f  
Nor th  America, i n t o  t h e  G u l f  of 
Mexico as f a r  as Tampico, Mexico, 
and i n  Panama, t h e  Grea ter  and 
Lesser A n t i l l e s ,  and southward t o  
t h e  no r the rn  p o r t i o n  of t h e  eas t  
coas t  of South America (Tesch 
1977). The species i s  abundant 
f rom Maine t o  Mexico, i s  r e s i d e n t  
i n  t h e  M i s s i s s i p p i  Va l ley ,  and 
occurs i n  t h e  West I n d i e s  and 
Bermuda (F igu re  2 ) .  B e r t i n  
(1956) repo r ted  t h e  l a t i t u d i n a l  
range f o r  t h e  American ee l  as 5" 
t o  62' N. It occurs i n  warm 
b r a c k i  sh and f reshwater  streams, 
es tua r i es ,  and coas ta l  r i v e r s .  
The American ee l  sometimes occurs 
i n  c o l d  f reshwater  t r o u t  streams 
i n  mountainous reg ions .  Adu l t s  
a r e  o c c a s i o n a l l y  found i n  land-  
locked lakes ,  p r i m a r i l y  i n  t h e  
Nor theas te rn  Un i t ed  States.  I t s  
d i s t r i b u t i o n  has inc reased 
because o f  i t s  hard iness  and t he  
ease w i t h  which i t  can be t r a n s -  
p l a n t e d  i n t o  new h a b i t a t s .  
MORPHOLOGY/IDENTIFICATION AIDS 
American e e l s  undergo a  s e r i e s  o f  
morpho log ica l  changes i n  t h e i r  1 i f e  
cyc le ;  these c h a r a c t e r i s t i c s  a r e  
presented i n  t h e  LIFE HISTORY sec t i on .  
The f o l  l ow ing  m a t e r i a l  was summarized 
p r i m a r i l y  f rom Fahay (1978) and Tesch 
(1977). 
F i g u r e  2. Ma jo r  r i v e r s  t h a t  suppor t  t h e  American e e l  i n  t h e  South A t l a n t i c  
B igh t .  Ee ls  a l s o  a r e  common i n  o t h e r  f r eshwa te r  t r i b u t a r i e s ,  and i n  bays and 
e s t u a r i e s .  
The body i s  elongate and snake- 
like (Figure 1 ) .  The dorsal and anal 
f ins are confluent with the rudimen- 
tary caudal f in.  Pectoral f ins are 
present, b u t  ventral (pelvic) f ins are 
absent. The body i s  covered by minute 
embedded scales (often causing speci- 
mens greater than 3 t o  5 years of age 
t o  appear scaleless). The lateral 
1 ine i s  we11 developed. The m o u t h  i s  
terminal ; jaws contain bands of small, 
pectinate or setiform teeth. A long 
t o o t h  patch also occurs on the vomer. 
The number of vertebrae ranges from 
103 t o  111 b u t  usually i s  106 to 108 
(Schmidt 1913). 
No other anguill id eels occur in 
North American coastal waters, b u t  the 
American eel ' s  spawning grounds coin- 
cide closelv with those of the Europe- 
&e simi lar ;  however, the ~uropean eel 
has 111-119 vertebrae (mean = 115). 
Ege (1939) presented comprehensive 
morphological data for A. rostrata. 
Some authors have argued That European 
and American eels should be regarded 
as geographical variants of the same 
species, b u t  th is  i s  n o t  generally 
accepted a t  present (Fahay 1978). 
No data are available that 
conclusively point t o  geographic vari - 
ations in morphology, and no subpopu- 
lations have been distinguished. 
Koehn and Williams (1978) noted 
protein differences among juvenile 
eels collected from different loca- 
tions along the A t 1  antic seaboard, b u t  
they concluded that the differences 
were due to variations in selective 
pressures among environments in which 
growth occurred. 
REASON FOR INCLUSION IN SERIES 
The her ican eel supports valu- 
able commercial and 1 imi ted recrea- 
tional fisheries throughout most of 
i t s  range. Harvested adults often are 
shipped alive or frozen to Europe 
where they frequently are smoked 
before marketing, and a fishery for 
elvers (immature eels typically less 
than 60 mm long) has recently begun in 
the Sou th  Atlantic Bight. Elvers are 
shipped t o  Japan where they are 
cultured in ponds. Pond rearing of 
eels in the United States i s  in a 
developmental stage, and there i s  a 
potential for  development and expan- 
sion of an eel culture industry. 
The American eel i s  an important 
prey species of larger marine and 
freshwater fishes and i s  a predator on 
a variety of other animals including 
commercially important crabs and 
clams. Eels contribute to  the loss of 
nutrients from freshwater rivers and 
lakes because of their  great organic 
intake, large numbers, lengthy stay in 
freshwater, and subsequent migration 
to  sea (Barila and Stauffer 1980). 
Alteration of river flow into estu- 
aries could affect upstream migration 
of immature eels. 
LIFE HISTORY 
The l i f e  cycle of the American 
eel includes oceanic, estuarine, and 
riverine phases (Figure 3).  Many 
detai ls  of i t s  l i f e  history are only 
generally understood or have been 
i nferred from know1 edge of the conge- 
neric European eel.  Li t t le  has been 
reported on eel 1 i f e  history in rivers 
along the Sou th  Atlantic Bight; much 
of the information presented below i s  
based on work in Middle and North 
Atlantic areas of the United States 
and Canada. 
Different stages of the eel Is 
l i f e  cycle are known by a variety of 
common names that are used throughout 
the scientif ic  1 i  terature. The larvae 
are called leptocephali (sing. = 
leptocephalus) ; they f i r s t  metamor- 
phose into unpigmented "glass eels" 
that gradual 1y devel op pigmentation 
and are then called elvers. Elvers 
migrate into freshwater where they 
remain several (sometimes many) years 
and are called yellow eels. Yellow 
metamorphoslr 
SILVER EEL 
YELLOW EEL 
migration 
metamorphosis 
GLASS EEL/ELVER 
EGO 
SPawnlng 
- - 
F igure  3. Diagrammatic rep resen ta t i on  
o f  t h e  American e e l  I s  1  i f e  h i s t o r y .  
ee l  s  may be sexua l l y  u n d i f f e r e n t i a t e d  
(gonads con ta in  no de f i nab le  gametes), 
hermaphrodi t ic  (oogonia .and spermato- 
gonia p resent ) ,  o r  sexual 1y d i f f e r e n -  
t i a t e d  (females w i t h  oogonia; males 
w i t h  spermatogonia p resent ) ,  b u t  none 
o f  these stages a re  capable o f  repro-  
duc t i on  and, hence, a l l  y e l l o w  e e l s  
a re  immature. Ma tu ra t i on  i s  accompa- 
n i e d  by changes i n  body c o l o r  and 
morphology; matur ing  e e l s  mi g r a t e  
downr iver  and through t h e  ocean t o  the  
spawning grounds and a re  known as 
"bronze ee l s "  o r  ' ' s i l v e r  eels . "  
D e t a i l s  o f  l i f e  h i s t o r y  f o r  these 
stages a re  prov ided below. 
Spawning 
The Pmerican ee l  i s  catadromous. 
It spawns i n  the  sea b u t  spends most 
o f  i t s  l i f e  i n  r i v e r s ,  f reshwater  
1  akes, and sometimes estuar ies.  A f t e r  
m a t u r i t y  i t  r e t u r n s  t o  the  sea (F ig -  
u r e  3). The age a t  m a t u r i t y  has n o t  
been we l l  def ined;  Fahay (1978) re-  
por ted  t h a t  ma tu ra t i on  occurred beyond 
age I 1 1  f o r  males and a t  age I V - V I I  
f o r  females f r a n  n o r t h e r l y  popul a- 
t i o n s ,  b u t  recen t  da ta  suggest t h a t  
ma tu ra t i on  i s  more r a p i d  i n  popula- 
t i o n s  along the South A t l a n t i c  B igh t .  
He1 fman and Bozeman (unpubl i shed MS: ') 
c o l  l e c t e d  sexual l y  d i f f e 5 e n t i a t e d  
males and females a t  age I 1 1  i n  the  
Altamaha R iver ,  Georgia, and concluded 
t h a t  females t h e r e  may have matured a t  
e a r l i e r  ages and sma l l e r  s i zes  than 
e e l s  i n  no r the rn  areas whereas males 
matured a t  t he  same age and s i z e  as 
no r the rn  ee l  s. Hansen and Eversole 
( i n  p ress)  and H a r r e l l  and Loyacano 
(1980) c o l  l e c t e d  d i f f e r e n t i a t e d  males 
and females as young as age I 1  and 
111, r e s p e c t i v e l y ,  i n  t h e  Cooper 
R iver ,  South Caro l ina .  
P r i o r  t o  seaward m i g r a t i o n  i n  t he  
f a 1  1  , matur ing  ee l s  beg in  a  metamor- 
phosis i n t o  t h e  s i l v e r  ee l  stage, as 
descr ibed i n  t h e  Yellow and S i l v e r  
Eels sec t ion .  
Eels m i  g r a t i n g  f rom Chesapeake 
Bay are  i n  a  more advanced s t a t e  o f  
metamorphosis than those m i g r a t i n g  
f rom Canadian waters; t h i s  supposedly 
enables e e l s  t o  reach t h e  sou the r l y  
spawning grounds i n  r e l a t i v e l y  s i m i l a r  
stages o f  m a t u r i t y  (Wenner and Musick 
1974). The d i f f e r e n c e  i n  t he  e x t e n t  
o f  metamorphosis between m i g r a t i n g  
e e l s  f rom Canada and Chesapeake Bay 
suggests t h a t  m i g r a t i n g  e e l s  i n  South 
A t l a n t i c  r i v e r s  cou ld  be even f u r t h e r  
developed than those i n  Chesapeake Bay 
a t  t h e  o u t s e t  o f  migrat iongi Helfman 
and Bozeman (unpubl ished MSI ) conclud- 
ed t h a t  rep roduc t i ve  m ig ra t i ons  from 
t h e  A1 tamaha R iver ,  Georgia, occurred 
du r i ng  l a t e  w i n t e r  o r  e a r l y  spr ing ,  
b u t  Hansen and Eversole ( i n  p ress)  and 
Michener (1980) i n d i c a t e d  t h a t  migra-  
t i o n s  occur red  du r i ng  the  f a l l  i n  t he  
Cooper R iver ,  South Caro l ina .  
l ~ o ~ u l a t i o n  a t t r i b u t e s  o f  Ameri - 
can e e l s  i n  a  Georgia r i v e r .  G. S. 
Helfman and E. L. Bozeman, Department 
of Zoology and I n s t i t u t e  o f  Ecology, 
U n i v e r s i t y  o f  Georgia, Athens, GA 
30602. Submitted t o  Trans. Am. Fish.  
soc. 
2 ~ n  t h i s  case, age i s  t h e  number 
of years  spent i n  f reshwater  (see the  
GROWTH CHARACTERISTICS s e c t i o n  f o r  
aging methods). 
Few d e t a i l s  a re  known about t he  
oceanic spawning m i g r a t i o n  o f  t h e  
American ee l .  The f i r s t  c o l l e c t i o n s  
o f  a d u l t s  i n  o f f s h o r e  waters were 
repo r ted  by Wenner (1973) i n  t h e  open 
ocean southeast  o f  Cape Cod, Massachu- 
s e t t s ,  eas t  o f  Assateague I s l and ,  
North Caro l ina ,  and southeast  o f  
Chesapeake Bay. The means by which 
e e l s  nav iga te  t o  spawning grounds a r e  
p o o r l y  understood. M i  1 es (1968) 
concluded t h a t  t h e  ee l  was capable o f  
nonce les t i a l  o r i e n t a t i o n  (southward), 
and Rommel and Stasko (1973) i n d i c a t e d  
t h a t  e e l s  may use g e o e l e c t r i c  f i e l d s  
generated by ocean c u r r e n t s  t o  n a v i -  
gate. Robins e t  a l .  (1979) photo- 
graphed two a d u l t  An u i l l a  e e l s  on t h e  
f l o o r  o f  t he  A t l a n t i c  _ea cean i n  t he  
Bahamas a t  depths o f  about 2000 m, and 
a l though i t  was imposs ib le  t o  de te r -  
mine i f  t h e  specimens were European o r  
Ameri can ee l  s , t h e  authors be1 ieved 
them t o  be prespawning - A. r o s t r a t a .  
Stasko and Rommel (1977) t racked 
f i v e  m i g r a t i n g  e e l s  i n  t he  lower  S t .  
Cro ix  R i ve r  Estuary, New Brunswick, 
Canada, and found t h a t  one ee l  moved 
25 km i n  20 h r  and another  moved 38 km 
i n  40 hr .  Eels they s tud ied  showed 
cons iderab le  v e r t i c a l  movements i n  t he  
water  column; behav io r  d i d  n o t  change 
w i t h  d ie1  o r  t i d a l  cyc les .  S i l v e r  
European e e l s  t r a v e l e d  a t  44 km pe r  
day when m i g r a t i n g  t o  spawn (Tesch 
1977). Edel (1976) be l i eved  t h a t  t h e  
depth a t  which American e e l s  m ig ra te  
i n  t he  ocean v a r i e d  w i t h  l i g h t  i n t e n -  
s i t y  so t h a t  swimming depth would vary  
w i t h  t u r b i d i t y  o f  t h e  water .  
Spawning by Ameri can ee l  s has 
never been d i r e c t l y  observed, and 
spawning areas have been de l i nea ted  on 
the  bas is  of c o l l e c t i o n s  o f  la rvae.  
Spawning appa ren t l y  occurs i n  t h e  
Sargasso Sea as e a r l y  as January o r  
February and may cont inue i n t o  August. 
Tesch (1977) summarized work by 
Schmidt (1923), Vladykov (1964), Smith 
(1968), and Vladykov and March (1975), 
and showed a spawning zone south o f  
Bermuda and n o r t h  o f  t h e  Bahamas t h a t  
i s  centered a t  about 25" N and 69" W. 
The youngest stages o f  American ee l  
l a r v a e  c o e x i s t  w i t h  European ee l  
la rvae,  b u t  American ee l  l a r vae  pre-  
dominate west o f  62" W and south o f  
24" N (Fahay 1978). Fahay a l s o  
repo r ted  t h a t  A. r o s t r a t a  l a r v a e  have 
n o t  been f o u n d e a s t  W. 
The depth a t  which spawning 
occurs i s  n o t  known, b u t  Taning (1938) 
repo r ted  t h a t  l a r v a e  c o l l e c t e d  near 
Bermuda occurred o n l y  a t  depths 
between 550 and 2200 m. Egg d iameter  
o f  A. r o s t r a t a  i s  about 1.1 mm (Tesch 
1977). I ncuba t i on  pe r i ods  o f  American 
ee l  eggs a re  n o t  known. 
Fecundi ty  i s  10 t o  20 m i l l i o n  
eggs per  female (Vladykov 1955, c i t e d  
by Fahay 1978; Eales 1968). Re la t i on -  
sh ips  between ee l  s i z e  and f e c u n d i t y  
f o r  21 e e l s  were repo r ted  by Wenner 
and Musick (1974) as: 
l o g  F = -4.29514 + 3.74418 l o g  TL, o r  
l o g  F = 3.2290 + 1.1157 l o g  W; 
Where F = number o f  eggs pe r  female, 
TL = t o t a l  leng th ,  mm, and 
W = t o t a l  weight ,  g. 
Adu l t  ee l s  presumably d i e  a f t e r  
spawning. None have been observed t o  
m ig ra te  up r i v e r s ,  and occurrences o f  
spent e e l s  have n o t  been repor ted .  
La rva l  (Leptocephal us)  s tage 
Hatching occurs f rom February 
through August (Vladykov and March 
1975; Fahay 1978), and t h e  l a r v a l  
s tage l a s t s  about 1 yea r  o r  perhaps 
longer .  The body i s  l anceo la te  i n  
shape, sharp ly  p o i n t e d  a t  bo th  ends, 
and deepest a t  t h e  midd le  (see Tesch 
[ I9771 o r  Fahay [ I9781 f o r  i l l u s t r a -  
t i o n s ) .  The s i z e  a t  ha tch ing  has n o t  
been descr ibed,  b u t  Schmidt (1925) 
c o l l e c t e d  7- t o  8-mm l a r v a e  i n  Febru- 
a ry .  The sma l l es t  l a r v a e  c o l l e c t e d  by 
Vladykov and March (1975) and Smith 
(1968) were 12 mn and 17 mm, 
respec t i ve l y .  
Dur ing  t h e  l ep tocepha lus  s tage,  
t h e  l a r v a e  grow and a r e  t r a n s p o r t e d  by  
ocean c u r r e n t s .  Larvae c o l  l e c t e d  by  
Schmidt (1925) were 7 t o  8 mm l o n g  i n  
February, 20 t o  25 mm i n  A p r i  1  , 30 t o  
35 mm i n  June, 40 mm i n  J u l y ,  50 t o  55 
mm i n  September, and 60 t o  65 mm by  
t h e  end o f  t h e  f i r s t  y e a r  o f  l i f e .  
The 1 ongest  l ep tocepha l  us c o l  1  ec ted  by  
Vladykov and March (1975) was 69 mm. 
Vladykov and March (1975) sug- 
ges ted  t h a t  l a r v a l  A. r o s t r a t a  may 
spend more t han  1 yea r  i n  t h e  sea. 
L i m i t e d  ev idence a1 so suggests t h a t  
some e e l s  remain i n  t h e  lep tocepha lus  
s tage f o r  more t han  1 year .  Smith 
(1968) r e p o r t e d  a 50-mm 1 eptocephal  us 
near  t h e  spawning grounds d u r i n g  
A p r i l .  T h i s  l a r v a  was t o o  l o n g  t o  
have been spawned i n  t h e  immediate 
season (Fahay 1978). 
The Nor thern  Equato r i  a1 Cur ren t  
and t h e  G u l f  Stream t r a n s p o r t  l a r v a e  
nor thward  a long  t h e  eas te rn  seaboard 
o f  No r t h  America. Sampling has shown 
t h a t  l a r v a e  a re  abundant i n  t h e  
F l o r i d a  S t r a i t s  and i n  t h e  area 
between Bermuda and t h e  Bahamas f rom 
A p r i l  th rough August (Smith 1968), and 
E ld red  (1971) found  A. r o s t r a t a  l e p t o -  
c e p h a l i  i n  t h e  G u l f  o f  Mexico and 
Yucatan S t r a i t s ,  b u t  mechanisms by  
which t h e  l a r v a e  a re  d i spe rsed  i n t o  
t h e  G u l f  o f  Mexico and southward t o  
t h e  coas t  o f  South America have n o t  
been de te rmi  ned. 
Glass Eel Stage 
Dur ing  t h e  p e l a g i c  phase, l e p t o -  
cephal i reach a s i z e  and p h y s i o l o g i c a l  
s t a t e  a t  wh ich  t hey  beg in  t o  metamor- 
phose. The e a r l y  s tages o f  t h i s  t r a n -  
s i t i o n  i n v o l v e :  (1)  sh r inkage i n  s i z e  
and we igh t ,  p r i m a r i l y  due t o  a reduc-  
t i o n  i n  wa te r  con ten t ;  ( 2 )  changes i n  
t h e  c o n f i g u r a t i o n  o f  t h e  head and 
jaws ; and (3)  acce le ra ted  development 
o f  t h e  d i g e s t i v e  system (Fahay 1978). 
A f t e r  these changes occur ,  t h e  e e l s  
a re  s i m i l a r  i n  o v e r a l l  morphology t o  
y e l l o w  ee l s ,  b u t  t hey  l a c k  e x t e r n a l  
p i gmen ta t i on  and a re  c a l l e d  "g l ass  
ee l s . "  Glass e e l s  a c t i v e l y  m i g r a t e  
toward  l a n d  and f r eshwa te r ,  and as 
t hey  approach coas ta l  areas,  e x t e r n a l  
p i gmen ta t i on  develops and t h e  body 
becomes u n i f o r m l y  dark  brown. A t  t h i s  
s tage,  metamorphosis i s  complete and 
t h e  e e l  i s  now c a l l e d  an e l v e r .  
E l v e r  Stage 
Most e l v e r s  move i n t o  c o a s t a l  
areas, e s t u a r i e s ,  and up f r eshwa te r  
r i v e r s  i n  t h e  l a t e  w i n t e r  o r  e a r l y  
s p r i n g  . V l  adykov (1966) suggested 
t h a t  e l v e r s  g e n e r a l l y  a r r i v e  i n  
sou thern  e s t u a r i e s  e a r l i e r  and a t  
s m a l l e r  s i z e s  than  i n  t h e  no r t h ,  b u t  
c a t c h  records  i n d i c a t e  cons ide rab le  
o v e r l a p  i n  t h e  t i m i n g  o f  shoreward 
movements a l ong  t h e  A t l a n t i c  coas t .  
Such movements have occur red  d u r i n g  
A p r i l  i n  Nar raganse t t  Bay and near  
Washington, D. C. ; February and March 
i n  Delaware; January i n  Long I s l a n d  
Sound and Rhode I s l a n d  e s t u a r i e s ;  o f f  
Nova S c o t i a  i n  A r i  1, and t h e  Bay o f  
Fundy i n  summer [Fahay 1978). I n  t h e  
South A t l a n t i c ,  m i g r a t i n g  e l v e r s  have 
been c o l l e c t e d  d u r i n g  January i n  
F l o r i d a  and South Ca ro l i na  and d u r i n g  
January t h rough  May, w i t h  peak catches 
i n  March and A p r i  1  , i n  N o r t h  C a r o l i n a  
(Smi th 1968; Hornberger  1978, c i t e d  by  
Sykes 1981; Sykes 1981). E l v e r s  
moving i n t o  South A t l a n t i c  e s t u a r i e s  
and r i v e r s  t y p i c a l l y  a r e  46 t o  60 mm 
long.  He1 fman and Bozernan (unpub- 
l i s h e d  MS.3) c o l l e c t e d  49- t o  56-mm 
g lass  e e l s  from the  A1 tamaha R i v e r  
Estuary, Georgia, i n  1  a t e  February; 
d a i l y  growth r i n g s  on t he  o t o l i t h s  
showed 250 t o  300 days o f  age. 
Small numbers o f  e l v e r s  r e g u l a r l y  
a r r i v e  i n  e s t u a r i e s  i n  t h e  f a l l ,  and 
Fahay. (1978) suggested t h a t  these 
3 ~ r o w t h  r a t e s  o f  American e e l s  i n  
a Georg ia es tua ry .  G. S. Helfman and 
E. L. Bozeman, Department o f  Zoology 
and I n s t i t u t e  o f  Ecology, U n i v e r s i t y  
o f  Georgia, Athens, GA 30602. 
Submit ted t o  U.S. N a t l .  Mar. F ish .  
Serv. F ish .  B u l l .  
"early" a r r i v a l s  may be the  e a r l i e s t  
spawned individuals o r  a segment of 
the main body of leptocephali t h a t  i s  
moved northward more quickly by 
localized water currents .  A1 terna- 
t i ve ly ,  these e lvers  may be " l a t e "  
a r r i va l s  produced from leptocephali 
t h a t  did not metamorphose during the 
previous wi nter /spr ing.  
Elvers occupy f  reshwater-sal t- 
water t r an s i t i on  areas  before ascend- 
ing r ivers .  During t h i s  period, 
e lvers  are  act ive  a t  night and burrow 
o r  r e s t  in deep water during the day 
(Dee1 der 1958). This nocturnal 
behavioral pattern causes the e lvers  
t o  be transported upstream by flood 
t i de s  t h a t  occur a t  n ight ,  and they 
d r i f t  back down during ebb (Fahay 
1978). Pacheco and Grant (1973) 
reported simi l a r  pat terns  f o r  e lvers  
a t  the mouth of the  Indian River, 
Delaware, and Tesch (1977) noted 
equivalent behavior by European eel 
e lvers .  He a l so  indicated t ha t  - A .  
anguilla e lvers  o r ien t  t o  r i ve r  
currents f o r  upstream movement, and i f  
the  current becomes too weak o r  too 
strong (ve loc i t i e s  not spec i f i ed) ,  
e e l s  may move in to  backwater areas ,  
severely delaying upstream progress. 
Basic s i m i l a r i t i e s  i n  behavior of 
European and American eel  e lvers  
suggest t h a t  A. r o s t r a t a  e lvers  would 
be s imi la r ly  affected by extremely 
f a s t  o r  slow r i ve r  currents .  
Fahay (1978) s ta ted  t h a t  as 
upstream migration t o  freshwater 
streams begins, males tend to  s tay in  
brackish water while females move in to  
f resher  water, b u t  t h i s  i s  based on 
observed d i s t r ibu t ion  pat terns  of 
older e e l s  ra ther  than d i r e c t  observa- 
t ion of e lver  behavior. When e lvers  
cease t h e i r  migration, they begin a 
growth and d i f fe ren t ia t ion  period in 
which they are  cal led yellow ee l s .  
Yellow and S i lver  Eels 
Many authors (e.g. ,  Bigelow and 
Schroeder 1953; Vladykov 1966) have 
-stated t ha t  yellow eel females occur 
primarily in freshwaters whereas males 
a re  generally found in s a l t -  o r  brack- 
ish  waters. Dolan and Power (1977), 
however, concl uded t h a t  an extensive 
review of 1 i t e r a t u r e  did not support 
t h i s  "female-freshwater, male-salt- 
water" theory. Recent s tud ies  con- 
t inue t o  be inconsis tent-  Helfman and 
Bozeman (unpublished M S ~ )  found t h a t  
females represented 94% of the sexu- 
a l l y  d i f fe ren t ia ted  yellow e e l s  
col lected from freshwater areas  of 
the A1 tamaha River in Georgia and 64% 
of the d i f fe ren t ia ted  yellow ee l s  in 
es tuar ine  areas .  However, col lect ions  
of e e l s  from the Cooper River, South 
Carolina, showed a minor var ia t ion of 
sex r a t i o  from fresh-  t o  sa l twater .  
Females contributed 97%, 95%, and 93% 
of the d i f fe ren t ia ted  ee l s  col lected 
from fresh- ,  brackish-, and sal twater  
a reas ,  respectively (Harrel 1 and 
Loyacano 1980; Michener 1980; Hansen 
and Eversol e ,  in press) .  
In addit ion t o  the freshwater- 
sa l twater  var ia t ion in the sex r a t i o ,  
a geographic var ia t ion in the d i s t r i -  
bution of the sexes has been hypothe- 
sized.  Vladykov (1966) s ta ted  t h a t  
male e e l s  predominate in middle and 
southern Atlant ic  populations (New 
Jersey t o  Flor ida)  whereas females 
predominate from New York t o  Newfound- 
land. Work in the Cooper River, South 
Carolina, and the  Altamaha River, 
Georgia (described i n  the preceding 
paragraph), however, does not support 
t h i s  hypothesis. Vl adykov be1 ieved 
t h a t  a l a t i t ud ina l  change in sex 
composition was re la ted to  the s ize -  
di f ferences  in e lvers  along the  coast ,  
and he said t h a t  smaller e lvers  
entering southern streams supposedly 
become males whereas the l a rger  e lvers  
entering northern systems probably 
develop in to  females (see  the ENVIRON- 
MENTAL REQUIREMENTS section f o r  
a l t e rna t e  explanations).  As with 
freshwater-sal twater var ia t ions  in the 
sex r a t i o ,  Dolan and Power (1977) 
suggested t ha t  l a t i tud ina l  var ia t ions  
were not well documented. They s t a t ed  
t h a t  the apparent geographic d i s t r ibu-  
t ion  of sex in the American eel could 
-'be a r e s u l t  o f  i n c o r r e c t  sex ing,  
s e l e c t i v i t y  o f  sampl i ng gear  and t h e  
p o s s i b l e  e x c l u s i o n  o f  s m a l l e r  males, 
and t h e  assumption t h a t  c h a r a c t e r i s -  
t i c s  f o r  t h e  American e e l  would 
p a r a l l e l  those  o f  t h e  European e e l .  
The gender o f  a d u l t  e e l s  i s  n o t  e x t e r -  
na l  l y  apparent ,  and gonadal t i s s u e s  
shoul d  be exami ned h i  s t01  o g i c a l  l y  t o  
a v o i d  e r r o r s  i n  sex d e t e r m i n a t i o n  
(Dolan and Power 1977; Facey and LaBar 
1981). 
Age a t  m a t u r i t y  and o t h e r  aspects  
o f  r e p r o d u c t i o n  a r e  desc r i bed  i n  t h e  
Spawning sec t i on .  Sexual d i f f e r e n t i a -  
t i o n  does n o t  occur  u n t i l  e e l s  reach 
about  200 mm i n  l e n g t h  (Fahay 1978). 
P r i o r  t o  comp le t i on  o f  t h e  d i f f e r e n t i -  
a t i o n  process,  some e e l s  possess 
gonads c o n t a i n i n g  male and female 
gametes ( j u v e n i l e  hermaphrodi t ism;  
Tesch 1977),  b u t  a f t e r  gender i s  
e s t a b l i s h e d ,  i t  does n o t  change (Fahay 
1978). He1 fman and Bozeman (unpub- 
1  i shed MS.~) r e p o r t e d  t h a t  d i f f e r e n t i  - 
a t e d  and u n d i f f e r e n t i a t e d  ye1 low e e l s  
i n  t h e  Altamaha R i ve r ,  Georgia,  ove r -  
lapped cons i de rab l y  i n  s i z e :  u n d i f -  
f e r e n t i a t e d  e e l s  were as l a r g e  as 363 
mm a t  age V I I ;  d i f f e r e n t i a t e d  males 
were as smal l  as 209 mm a t  age 111; 
d i f f e r e n t i a t e d  females were as smal l  
as 186 mm a t  age 111; and hermaphro- 
d i t e s ,  which c o n s t i t u t e d  l e s s  t han  1% 
o f  t h e  c o l l e c t i o n s ,  ranged f rom 267 t o  
328 mm a t  ages I V  t o  V. Hansen and 
Everso l  e  ( i n  p ress )  r e p o r t e d  s im i  1  a r  
o v e r l a p  i n  s i z e  and age o f  d i f f e r e n t i -  
a t e d  and u n d i f f e r e n t i a t e d  e e l s  i n  t h e  
Cooper R i  v e r y  South Ca ro l i na .  
Yel low e e l s  beg in  t o  metamorphose 
i n t o  s i l v e r  e e l s  i n  t h e  f a l l  p r i o r  t o  
seaward m i g r a t i o n .  The metamorphosis 
i n c l udes :  ( 1 )  c o l o r  change ( t o  a  
meta l  1  i c y  b ronze-b lack  sheen; p e c t o r a l  
f i n s  change f r om  ye l l ow -g reen  t o  
b l ack ) ;  ( 2 )  f a t t e n i n g  o f  t h e  body; ( 3 )  
t h i c k e n i n g  o f  t h e  sk in ;  ( 4 )  en l a rge -  
ment o f  t h e  eyes (macrophthalmia)  and 
changes i n  v i s u a l  pigments i n  t h e  eye 
i n  p r e p a r a t i o n  f o r  m i g r a t i n g  a t  da rk  
ocean depths (Vladykov 1973; Bea t t y  
1975); ( 5 )  i nc reased  l e n g t h  o f  c a p i l -  
l a r i e s  i n  t h e  r e t e  i n  t h e  swim b l a d -  
der ,  which a l s o  may be an i n d i c a t i o n  
o f  m i g r a t i n g  a t  g r e a t  depths (K leckner  
and Kruger  1981); and ( 6 )  degenera t ion  
o f  t h e  d i g e s t i v e  t r a c t .  S i l v e r  
(metamorphosed) e e l s  appear t o  be 
b e t t e r  adapted t o  swimming t han  y e l l o w  
e e l s  (Holmberg and Saunders 1979). 
Presumably, o v a r i e s  mature f u l l y  o n l y  
a f t e r  t h e  m i g r a t i n g  female reaches 
s a l t w a t e r  (Fahay 1978). 
GROWTH CHARACTERISTICS 
Larvae t y p i c a l l y  reach 40 t o  70 
mm a f t e r  1 y e a r  o f  growth; Hornberger 
e t  a1 . (1978) c o l l e c t e d  g l a s s  e e l s  
f rom t h e  Cooper R i ve r ,  South Ca ro l i na ,  
f rom January th rough  A p r i l  t h a t  aver -  
aged 55 mm i n  l e n g t h  and ranged f rom 
45 t o  65 mm (see t h e  La r va l  Stage 
s e c t i o n  f o r  growth w i t h i n  t h e  f i r s t  
yea r ) .  The metamorphosis i n t o  e l v e r s  
i s  accompanied by a decrease i n  l e n g t h  
and we igh t  due t o  r e d u c t i o n  i n  wa te r  
c o n t e n t  o f  t h e  body. E l v e r s  grow 
s l o w l y  and reach about  127 mm a f t e r  
t h e  f i r s t  y e a r  i n  f r eshwa te r  (B ige low 
and Schroeder 1953). Yel low e e l s  
t y p i c a l l y  grow s l o w l y  b u t  can ach ieve  
we igh t s  up t o  6.8 kg; females caught  
f rom t h e  St.  Lawrence R i v e r  range f r om  
960 t o  1270 mm l o n g  and 0.9 t o  4.5 kg 
(Fahay 1978). Females t y p i c a l  l y  
grow t o  a  l a r g e r  s i z e  than males. 
Eels  have been aged f r om  o t o l i  t h s  
and sca les.  O t o l i t h s  i n  e e l s  c o n s i s t  
o f  a  t r a n s l u c e n t  nuc leus ( formed a t  
sea) surrounded by b road  opaque summer 
zones and narrow t r a n s l u c e n t  w i n t e r  
zones (Ha r re l  1  and Loyacano 1980). 
H a r r e l l  and Loyacano (1980) used 
o t o l i t h s  t o  age American e e l s  f rom t h e  
Cooper R i v e r  i n  South Ca ro l i na .  
D i s t i n c t  a n n u l i  were p resen t  i n  410 o f  
415 o t o l i t h s  examined; t h e  opaque r i n g  
f i r s t  appeared i n  May and t h e  t r a n s l u -  
c e n t  zone was f i r s t  e v i d e n t  i n  Novem- 
ber. The t h i r d  opaque r i n g  co r re -  
sponds t o  the  ee l  ' s  f i r s t  growing 
season i n  f reshwater .  Eels i n  Cana- 
d i a n  waters formed t h e i r  f i r s t  sca les 
a t  160 t o  200 mm d u r i n g  t h e i r  t h i r d  t o  
f i f t h  year of 1 i f e  and the scales 
formed annual r ings in subsequent 
winters (Smith and Saunders 1955). 
Thus, in northerly areas ,  age in years 
genera l ly  will be the number of s c a l e  
r ings plus three.  The e e l ,  however, 
continues to  form scales as i t  grows, 
leading to  a s i tua t ion  in which d i f -  
f e ren t  scales from the same f i s h  can 
give  d i f f e r e n t  ages (Smith and 
Saunders 1955). 
Growth r a t e s  within year  c l asses  
a r e  highly va r i ab le ,  leading t o  con- 
s ide rab le  var ia t ion in length a t  age 
and poor p r e d i c t a b i l i t y  of age from 
s i z e .  Lengths of e e l s  a t  various ages 
i n  northerly populations a r e  summa- 
rized in Table 1. Few growth data f o r  
e e l s  in South Atlantic S ta tes  have 
been reported. Harrel 1 and Loyacano 
(1980) reported t h a t  e e l s  in the  
Cooper River grew 45 t o  52 mm per year 
f o r  ages II-XV15 Helfman and Bozeman 
(unpubl ished MS. ) tagged ye1 low eel  s 
in a Georgia es tuary  and used recap- 
t u r e  data t o  es t imate  growth ra tes .  
There was a slow-growth period during 
November through February when the  
f i s h  grew an average of 0.025 mm per 
day. They grew more rapidly during 
the  r e s t  of the  yea r ,  gaining an 
average of 0.220 mm per day. These 
r a t e s  produced an average annual 
length increase of 57 t o  63 mm. 
Maximum age of yellow e e l s  col -  
lec ted  from northern r i v e r s  has been 
reported t o  be 15 t o  20 years  (Fahay 
1978). Land1 ocked eel  s 1 i berated as  
e lve r s  in Sherman Lake, Michigan, 
1 ived 35 t o  40 years (Vladykov 1973). 
Accuracy of est imates of the  age a t  
maturity may be af fected by problems 
with aging techniques. 
COMMERCIAL AND SPORT FISHERIES 
Pr ior  t o  the  19701s ,  the  eel  
f i she ry  in the  South At lant ic  Bight 
primarily provided l i v e  b a i t  t o  spor t  
Table 1. Leqgths of American e e l s  a t  various ages. 
l v t a l  l ength  (cnl) a t  var ious loca t ions  
Age B i l l ' s  Lake Crec Lake Lake New Rhode Delaware South 
( y r )  New 8runswick1 ~ e w f o u n d l a n d ~  Ontar ioC  ~ e r s e y ~  1slande ~ i v e r f  ~ a r o l i n a ~  
V I 24-51 
V I I  34-56 
V I l I  38-57 
1X 38-57 
X 49-57 
XI --- 
XI1 --- 
X l l l  --- 
XIV --- 
xv --- 
XVI --- 
XVI I --- 
X V I I I  --- 
XI X --- 
:smith and Saunders 1955. 
Gray and Andrews 1971. 
;tlurley 1972. 
,Ogden 1970. 
,Bleder 1971. 
i ~ o h n s o n  1974. 
data combined from H a r r e l l  1977. Hansen 1979, and Michener 1980. 
fishermen and secondar i ly  provided 
b a i t  used in b lue  c rab  (Cal l i n e c t e s  
s ap idus )  t r a p s .  A l a r g e r  commercial 
f i s h e r y  f o r  e e l s  in ,  t h e  reqion i s  
devel oping , and gl a s s  eel s ,  e l  v e r s ,  
yel low e e l s ,  and s i l v e r  e e l s  a r e  
exp lo i t ed .  Techniques f o r  captur ing  
and growing e l v e r s  t o  marketable s i z e s  
a r e  being developed (Easley and Freund 
1977).  
The European market has been t h e  
major o u t l e t  of U.S. yel low and s i l v e r  
eel  l andings  (Fahay 1978). Eels a r e  
hardy and can be densely packed and 
shipped a l i v e  i f  they a r e  kept mois t ,  
cool , and suppl ied  with oxygen. Live 
e e l s  a r e  p re fe r r ed  in Europe, bu t  many 
a r e  shipped f rozen .  
Commercial fishermen use a 
v a r i e t y  of methods, inc luding  1 i f t  
n e t s ,  d r i f t  n e t s ,  t r a p s ,  we i r s ,  o t t e r  
t r a w l s ,  pound n e t s ,  fyke n e t s ,  s p e a r s ,  
handl ines ,  eel po t s ,  haul s e i n e s ,  and 
g i l l  n e t s  (Fahay 1978).  The fyke ne t  
i s  t h e  major gea r  used i n  North 
Carol ina t o  e x p l o i t  e e l s  t h a t  a r e  
moving seaward i n  l a t e  summer o r  e a r l y  
f a l l  t o  begin t h e i r  spawning migra- 
t i o n .  Yellow e e l s  i n  f r e s h -  o r  
brackish  waters  a r e  pr imar i ly  taken 
with ba i t ed  t r a p s  o r  ee l  po ts .  
Fahay (1978) summarized ca tch  
s t a t i s t i c s  along t h e  A t l a n t i c  c o a s t  
f o r  1955-73. Landings from t h e  Middle 
A t l a n t i c  (New Jersey-Virg in ia )  cons is -  
t e n t l y  exceeded those  from the  North 
A t l a n t i c  and South A t l a n t i c  S t a t e s ,  
bu t  landings  from Southern S t a t e s  
increased  i n  t h e  l a t e  1960's  and e a r l y  
1970 ' s .  For 1955-64, t h e  South 
A t l a n t i c  ha rves t  averaged about  37,000 
kg annua l ly ,  and f o r  1965-73, annual 
landings  were about 630,000 kg. The 
va lue  of t he se  landings  ranged from 
$8,000 t o  $83,000 annual ly  f o r  1965- 
73. 
Eel harves t  and va lue  i n  North 
Carol ina dramatical  l y  increased  in  t h e  
1960 ' s  and 1970 ' s  (Easley and Freund 
1977). For 1960-70, average annual 
landings  were 17,800 kg valbed a t  
$O.l l /kg;  i n  1972-73, t h e  p r i c e  ro se  
t o  $0.35/kg; and in 1973-76, landings 
averaged 151,200 kg a t  a p r i c e  of 
$0.92/kg. Catch va lue  ranged from 
$0.95 t o  $1.85/kg and ha rves t  averaged 
285,000 kg f o r  1977-79 (Keefe 1982). 
The bulk of t h e  North Carol ina land- 
ings  i s  taken from nor theas t e rn  
coas t a l  a r ea s .  
In Georgia, commercial f i s h i n g  
f o r  e e l s  i n  f reshwater  was e f f e c t i v e l y  
p roh ib i t ed  p r i o r  t o  1980 because of 
r e s t r i c t i o n s  a g a i n s t  using t r a p s  i n  
inland waters .  Harvest in  1979 was 
about 3,900 kg (Helfman, unpublished 
M S ~ ) .  Af t e r  a f reshwater  t r a p  f i s h e r y  
was allowed in  1980, ha rves t  was 
50,000 kg, but  landings  i n  1981 and 
1982 were 5,500 kg and 16,800 kg, 
r e spec t ive ly .  The 1982 ca tch  was 
valued a t  $35,000 o r  $2.08/kg. 
A f i s h e r y  f o r  European ee l  e l v e r s  
began in  Europe during t h e  l a t e  1960's  
t o  supply J apan ' s  demand f o r  young 
e e l s  t o  use i n  pond aquacul ture .  
Experimental work on techniques f o r  
captur ing  migrat ing American ee l  
e l v e r s  has been done in  t h e  S t .  Johns 
Ri v e r y  F lor ida  (Topp and Raul e rson  
1973). Elvers  were packed l i v e  i n  
boxes and shipped t o  Japan,  where 
p r i c e s  paid f o r  l oca l  Anguilla 
j a  onica e l v e r s  were $7/kg in  1965-68, 
300/kg in  1969, and $330 t o  $925/kg +
i n  1971-73 (Fahay 1978; Egusa 1979). 
P r i ce s  paid f o r  European ee l  e l v e r s  i n  
Japan i n i t i a l  l y  were equ iva l en t  t o  
t hose  paid f o r  l oca l  e l v e r s ,  bu t  
European e e l s  were i n f e r i o r  i n  t h e  
pond c u l t u r e  systems (poor growth and 
d i s e a s e  problems); in  1973, t h e  
Japanese paid only $30 t o  $50/kg f o r  
European e l v e r s  (Egusa 1979). 
Accounts of American ee l  performance 
in  Japanese ee l  c u l t u r e  were no t  
1 ocated.  
4 Development and expansion of t h e  
f i s h e r y  f o r  American e e l s  i n  Georgia. 
G. S. He1 fman , Department of Zoo1 ogy, 
Univers i ty  of Georgia, Athens ,. GA. 
30602. P ro j ec t  summary, Univers i ty  of 
Georgia Sea Grant Program, 1983. 
The f e a s i b i l i t y  of commercial 
grow-out operations in North Carol ina 
was assessed by Easley and Freund 
(1977). In te res t  in culturing was 
stimulated by r i s ing  prices noted 
above during the l a t e  1960's and ea r ly  
19701s,  b u t  considerable refinement of 
techniques i s  needed. Development of 
eel aquaculture has focused on methods 
f o r  col lect ing e lvers  and on physical 
features  of grow-out systems. Hormone 
inject ions  can be used t o  induce 
maturation of female American ee l s  
(Edel 1976), b u t  proper spawning con- 
d i t ions  are  unknown, and eel cul ture  
remains dependent on capturing wild 
e lvers .  Hi nton and Eversol e (1978, 
1979, 1980) evaluated the toxic  
e f f ec t s  of chemicals commonly used in 
aquaculture to  glass  e e l s  (mean length 
of 55 m m ) ,  e lvers  (mean length of 97 
mm) , and yellow ee l s  collected from 
South Carolina r ivers .  
The South Atlantic Sta tes  have 
few, i f  any, r e s t r i c t i ons  spec i f i ca l ly  
designed t o  regulate ye1 low or s i l v e r  
eel harvest ,  b u t  f i she r i e s  f o r  ye1 low 
e e l s  often have been nonexistent o r  
minimal because of prohibit ions 
against  using t raps  in freshwaters (as  
mentioned above fo r  Georgia). Such 
r e s t r i c t i ons  generally are  intended t o  
prevent incidental catches of spor t  
f i shes .  Mouth diameter and wire mesh 
s i z e s  of t raps  are regulated in some 
areas t o  reduce catches of other  
species (e .g . ,  Hornberger e t  a l .  
1978). Elver f ishing i s  i l l ega l  in 
Georgia., 
Estimates of densi ty ,  mortal i t y ,  
o r  o ther  v i t a l  s t a t i s t i c s  of eel 
stocks generally have not been report-  
ed,  and fac tors  regulating survival o r  
stock s ize  have not been evaluated. 
Helfman (unpubl ished MS?) suggested 
t h a t  the e e l ' s  long l i f e  in f resh-  
waters may make the stocks prone t o  
1 ocal overharvest. Keefe (1982) 
suggested t h a t  recent declines in 
catch per un i t  e f f o r t  of e e l s  in North 
Carolina indicated overharvest. 
Because a l l  American ee l s  spawn in the 
Sargasso Sea and there  apparently are  
no genet ical ly  d i s t i nc t  stocks o r  
subpopulations (Koehn and Nil 1 iams 
1978), overharvest in one region could 
a f f ec t  recruitment in other  regions. 
Neverthel ess ,  some management pol i c i e s  
a1 low o r  encourage 1 ocal heavy exploi- 
ta t ion of migrating s i l ve r  e e l s  o r  
e lvers  under the assumption t ha t  the 
numbers of e lvers  returning in l a t e r  
years wi 11 be mai ntained by escapement 
of spawning stock from other  areas.  
No major sport  f ishery fo r  
American ee l s  ex i s t s  in coastal r ive rs  
of the South Atlantic Bight, b u t  the 
species i s  caught incidental ly  by 
anglers in es tuar ies  and r ivers .  
ECOLOGICAL R O L E  
Yellow ee l s  are  nocturnal and a 
s ign i f ican t  portion of t h e i r  feeding 
occurs a t  night. The d i e t  i s  diverse 
and generally includes nearly a l l  
types of aquatic fauna t ha t  occupy the 
same habi ta ts .  Eels swallow some 
types of prey whole, but they a l so  can 
t e a r  pieces away from la rger  dead 
f i s h ,  crabs ,  o r  o ther  items. Eels in 
freshwater feed on insec t s ,  worms, 
crayfish and other crustaceans, frogs,  
and f ish  whereas e lvers  in saltwater 
a re  pl an k t  ivorou s .  El vers col 1 ected 
from the Cooper River, South Carolina, 
consumed aquatic insects  (mainly 
chironanid 1 arvae and adu l t s ) ,  cl ado- 
cerans,  amphipods, and f i sh  par ts  
(McCord 1977). The d i e t  of yellow 
ee l s  from the Cooper River varied with 
eel s i z e  and season. Intermediate 
s ize  c lasses  contained more types of 
food than e lvers  o r  maturing eel s ;  
f i s h  occurred in the d i e t  primarily in 
winter and spring whereas insects  and 
mollusks were eaten from spring 
through fa1 1. Crustaceans, bivalves , 
and polychaetes were the major prey of 
ee l s  i n  lower Chesapeake Bay; blue 
crabs and sof t  clams were s ign i f ican t  
prey (Wenner and Musick 1975). Eels 
shor ter  than 40 cm in New Jersey 
streams mainly a t e  aquatic insects 
whereas l a rger  ee l s  fed mostly on f i sh  
and crustaceans (Ogden 1970). Most 
f i s h  eaten were bot tom dwe l l  ers,  
r e f l e c t i n g  t h e  e e l s '  tendency t o  
remain near the  bottom. Fahay (1978)  
concluded t h a t  e e l s  depend more on 
scen t  than s i g h t  t o  o b t a i n  food. 
L i t t l e  has been pub1 i shed about, 
p r e d a t i o n  on ee ls .  Hornberger e t  a l .  
(1978) r e p o r t e d  t h a t  e l v e r s  and smal l  
y e l l o w  e e l s  were ea ten  by largemouth 
bass (M ic ro  t e r u s  sa lmoides)  and 
s t r i p e d  *e s m  i n  t h e  
Cooper Ri  ve r ,  South Caro l  i na, b u t  e e l s  
never  were a ma jo r  component o f  these  
p reda to r s  ' d i e t s .  Leptocephal i , g l a s s  
e e l s ,  e l v e r s ,  and smal l  y e l l o w  e e l s  
p robab l y  a r e  consumed by a v a r i e t y  o f  
o t h e r  p reda to r y  f i s h e s ;  grown e e l s  a r e  
ea ten  by o t h e r  spec ies of e e l s  and by 
g u l l s ,  b a l d  eagles,  and o t h e r  f i s h -  
e a t i n g  b i r d s  (Sinha and Jones 1967; 
Seynou r 1974). 
Crane and Everso le  (1980) found  
no p a r a s i t e s  on g l a s s  e e l s  m i g r a t i n g  
i n t o  t h e  Cooper R i ve r ,  South Ca ro l i na ,  
b u t  f o u r  genera o f  protozoans (T r i cho -  
d i na ,  I c h t h  o h t h i r i u s ,  Myxidium, and 
~ b o l k p e c i e s  o f  mono- 
g e n e t i c  t rematode (Gyrodac ty l  us 
a n g u i l l a e )  were found on e l v e r s .  
Crane and Everso le  ( i n  p ress )  r e p o r t e d  
t h a t  214 o f  218 y e l l o w  e e l s  c o l l e c t e d  
f rom b r a c k i s h  wa te rs  o f  t h e  Cooper 
R i ve r ,  South Carol i na ,  were pa ras i  t- 
i z e d  b y  one o r  more o f  22 he lm in th  
spec ies.  Pa ras i t es  o f  American e e l s  
i n  Quebec i n c l u d e d  protozoans,  t rema- 
todes,  nematodes, cestodes, and 
copepods (Hanek and Molnar  1974). The 
myxospor id ian  protozoan,  Myxidium 
zelandicum, has been found i n  t h e  
k idneys  and on t h e  g i l l s  o f  A. 
r o s t r a t a  (Komourdj ian e t  a1 . 1977). 
ENVIRONMENTAL REQUIREMENTS 
Temperature 
The e e l ' s  broad geographic  range 
and d i v e r s e  h a b i t a t s  suggest f l e x i b l e  
temperature r e q u i  rements. E l v e r s  and 
y e l l o w  e e l s  l i v e  i n  wa te rs  r ang ing  
f r om  co l d ,  h i g h - e l e v a t i o n  o r  h i g h -  
l a t i t u d e  f r eshwa te r  streams and l a k e s  
t o  warm, b r a c k i s h  coas ta l  bays and 
e s t u a r i e s  i n  t h e  G u l f  o f  Mexico. 
J e f f r i e s  (1960) found e l v e r s  a t  
temperatures as l ow  as -0.8" C. 
B a r i l a  and S t a u f f e r  (1980) 
acc l ima ted  y e l l o w  e e l s  t o  a range o f  
temperatures between 6 "  C and 30"  C 
and t hen  measured p r e f e r r e d  tempera- 
t u res .  A1 though p r e f e r r e d  tempera- 
t u r e s  tended t o  i n c rease  w i t h  
i n c reased  a c c l i m a t i o n  temperature,  
d i f f e r e n c e s  among groups were nons ig-  
n i f i c a n t ,  and t h e  au tho r s  r epo r t ed  a 
f i n a l  temperature p re fe rence  o f  16.7" 
C. They a l s o  r e p o r t e d  t h a t  f eed ing  
ceased a t  temperatures below 14" C. 
Marcy (1973) r epo r t ed  t h a t  American 
e e l s  s u r v i v e d  passage th rough  t h e  
c o o l i n g  system o f  a n u c l e a r  power 
p l a n t ,  d u r i n g  which t h e y  were exposed 
t o  e l e v a t e d  temperatures f o r  1-1.5 h r .  
Pol uhowi ch (1972) suggested t h a t  t h e  
American e e l  ' s  mu1 t i p l e  t ypes  o f  hemo- 
g l o b i n s  se rve  t o  m a i n t a i n  a r e l a t i v e l y  
cons tan t  b l ood  oxygen a f f i n i t y  when 
t h e  e e l  i s  exposed t o  temperature 
changes. 
Sal i n i  t y  
The mechanisms by which g l a s s  
e e l s  o r  e l v e r s  o r i e n t  d u r i n g  t h e i r  
shoreward m i g r a t i o n  have n o t  been 
descr ibed ,  b u t  t h e i r  movements 
p robab l y  a re  keyed t o  s a l  i n i  ty 
g r a d i e n t s  a f t e r  t hey  reach coas ta l  
waters .  European g l ass  e e l s  and 
e l v e r s  become p o s i t i v e l y  r h e o t a c t i c  
when t h e y  f i r s t  encounter  f r eshwa te r  
t h a t  i s  mixed w i t h  seawater (Tesch 
1977); t hus  s a l i n i t y  as w e l l  as t h e  
c u r r e n t  i t s e l f  may p r o v i d e  t h e  g r a d i -  
e n t  f o r  shoreward o r i e n t a t i o n .  
A1 t e r a t i o n s  o f  p a t t e r n s  o r  magnitudes 
o f  f r eshwa te r  i n f l o w s  t o  bays o r  
e s t u a r i e s  c o u l d  a1 t e r  sa l  i n i t y  regimes 
and t he reby  a f f e c t  t h e  number, t i m i n g ,  
and s p a t i a l  p a t t e r n s  o f  upstream 
m i g r a t i o n s  by e l v e r s .  
As w i t h  temperature,  s a l i n i t y  
requ i rements  o f  p o s t l a r v a l  e e l s  can be 
g e n e r a l l y  i n f e r r e d  as "broad" f rom t h e  
f a c t  t h a t  t he  species occurs through- 
o u t  a  g rad ien t  o f  s t r i c t l y  f r e s h  t o  
b rack i sh  waters. Leptocephal i are  i n  
near - ion ic  equi 1  i br ium w i t h  sea water  
(Hu le t  e t  a1 . 1972). 
Dissolved Oxygen 
Dissolved oxygen requirements 
have n o t  been thoroughly documented, 
b u t  e e l s  gene ra l l y  w i l l  s e l e c t  water  
w i t h  h igh  oxygen tens ion  ( H i l l  1969). 
Commercial sh ipp ing  o f  l i v e  ee l s  
i n d i c a t e s  t h a t  they are  especia l  l y  
hardy. E lvers  can be packed densely 
and shipped a l i v e  by being dampened 
b u t  n o t  covered w i t h  water  because 
they can absorb 60% o f  requ i red  oxygen 
through t h e i r  s k i n  (Sheldon 1974, 
c i t e d  by Fahay 1978). Tesch (1977) 
s ta ted  : 
"The capac i ty  o f  the  adul t eel 
t o  su rv i ve  i n  both a i r  and water 
i s  associated w i t h  i t s  a b i l i t y  t o  
use both b ranch ia l  and cutaneous 
modes o f  r e s p i r a t o r y  gas ex- 
change. The eel surv ives b e t t e r  
i n  a i r  than i n  poo r l y  oxygenated 
o r  p o l l u t e d  water ...." 
H a b i t a t  S t r u c t u r e  
Pos t l a r va l  e e l s  tend t o  be bottom 
dwe l l e r s  and h ide  i n  burrows, tubes, 
snags, p l a n t  masses, o t h e r  types o f  
s h e l t e r ,  o r  t h e  subs t ra te  i t s e l f  
(Fahay 1978). This  behavior  i s  
r e f l e c t e d  i n  t h e i r  food hab i t s ,  pro-  
t e c t s  them f rom predators,  and i n f l u -  
ences commercial f i s h i n g  techniques. 
Few o the r  f reshwater  f i s h e s  d i s p l a y  
s imi  1  a r  h a b i t a t  use; t he re fo re ,  i n t e r -  
s p e c i f i c  compet i t ion  f o r  l i v i n g  space 
may be l i m i t e d .  The presence o f  s o f t ,  
und is tu rbed bottom sediments i s  impor- 
t a n t  t o  m i g r a t i n g  e l v e r s  as s h e l t e r  
(see the  E l v e r  Stage sec t i on ) .  Edel 
(1979) i n d i c a t e d  t h a t  ee l s  i n  h i s  
experimental systems were l e s s  a c t i v e  
when s h e l t e r  was present  than when i t  
was absent. Vladykov (1955, c i t e d  by 
Fahay 1978) repor ted  t h a t  a d u l t  e e l s  
i n  nor thern  h a b i t a t s  l i e  dormant i n  
t h e  bottom mud du r i ng  w in te r .  
Ford and Mercer (1979) used mark- 
recapture  methods t o  o b t a i n  a  popula- 
t i o n  es t imate  o f  350 y e l l o w  ee l s  i n  a  
600-m sec t i on  o f  a  marsh creek i n  a  
Massachusetts estuary.  They s tud ied  
the  behavior  o f  y e l l o w  ee l s  and found 
t h a t  e e l s  s h o r t e r  than 30 cm predomi- 
nated i n  narrow, soft-bottomed, upper 
marsh creeks whereas those longer  than 
30 cm predominated i n  wider, lower 
marsh creeks having mud and sand 
bottoms. Most e e l s  had r e l a t i v e l y  
small home ranges and r a r e l y  moved 
more than 100 m from the  p o i n t  a t  
which they were i n i t i a l l y  caught. 
The authors be l i eved  t h a t  l a r g e  e e l s  
may e s t a b l i s h  t e r r i t o r i e s  i n  lower 
marsh areas and thereby r e s t r i c t  
smal le r  e e l s  t o  smal le r  h igh  marsh 
creeks. 
R i ve r  and T ida l  Currents 
The e l v e r ' s  noc turna l  a c t i v i t y  
p a t t e r n s  and r e l i a n c e  on t i d e s  and 
r i v e r  cu r ren ts  f o r  upstream movement 
a re  presented i n  t h e  LIFE HISTORY 
sec t ion .  
Movements o f  y e l l o w  ee l s  i n  a  
t i d a l  creek i n  Georgia were a f f e c t e d  
by t i d e s  and t ime o f  day (Helfman e t  
a l .  1983). Daytime movements o f  e i g h t  
te lemetered ee l s  were r e s t r i c t e d  t o  
t he  main creek channel, b u t  a t  n i g h t  
the  f i s h  were near t h e  mouths o f  
feeder creeks a t  low t i d e  o r  i n  
f looded marsh areas du r i ng  h igh  t i d e .  
Helfman e t  a1 . (1983) termed t h i s  
movement "a noc turna l  a c t i v i t y  p a t t e r n  
mod i f i ed  by t i d a l  f low."  They sug- 
gested t h a t  movements on to  t he  marsh 
a t  n i g h t  may have been fo rag ing  t r i p s .  
Contaminants 
L i t t l e  work has been done on 
American e e l s  regard ing  t o x i c  e f f e c t s  
o f  p o l l u t a n t s  o r  t o l e rance  1  i m i t s .  
Tolerance would be expected t o  vary  
w i t h  developmental phase, and the  
ee l  I s  1  ong res idence i n  f reshwater  
r i v e r s  cou ld  l ead  t o  repeated doses o f  
t o x i c a n t s  and accumulat ion t o  t o x i c  
1  eve1 s  (Hol mberg and Saunders 1979). 
Work done by H in ton  and Eversole 
(1978, 1979, 1980) on t o x i c i t y  o f  
aquacul ture chemicals t o  var ious  1  i f e  
stages o f  e e l s  suggests t h a t  to le rance 
t o  chemicals increases w i t h  s i ze  o r  
age. 
Environmental Factors and Sex 
Determi n a t i o n  
There i s  l i m i t e d  evidence which 
suggests t h a t  t he  gender o f  American 
ee l s  i s  determined t o  some ex ten t  by 
environmental f ac to rs .  Fahay (1978) 
s t a t e d  t h a t  t he  sex o f  the  European 
ee l  can be environmental l y  in f luenced,  
b u t  i n d i c a t e d  t h a t  t he  f a c t o r s  respon- 
s i b l e  cou ld  o n l y  be speculated upon. 
The l ong  developmental p e r i o d  i n  
f r esh -  o r  b rack i sh  waters i n  combina- 
t i o n  w i t h  j u v e n i l e  hermaphrodit ism 
(see the  LIFE HISTORY sec t i on )  pro-  
vides a  s e t t i n g  i n  which environmental 
f a c t o r s  cou ld  regu la te  t he  gender o f  
ee ls .  
Female American ee l s  predominate 
i n  upstream f reshwater  areas as w e l l  
as i n  n o r t h e r l y  s tocks,  b u t  t he re  i s  
no d i r e c t  evidence o f  mechanisms t h a t  
l ead  t o  these pa t te rns .  One poss ib le  
exp lanat ion  i s  t h a t  male leptocephal  i 
and e l v e r s  do n o t  migra te  as f a r  as 
females (and hence remain i n  sou the r l y  
o r  downstream areas [Fahay 19781). 
But  because e e l s  do n o t  mature u n t i l  
they  have 1  i v e d  3 y r  (males) t o  7  y r  
( females)  o r  l onge r  i n  f reshwater ,  i t  
i s  u n l i k e l y  t h a t  phys io log i ca l  systems 
capable o f  causing sex-re1 a ted  d i f f e r -  
ences i n  m ig ra to ry  p a t t e r n s  would. be 
developed i n  t he  youngest 1  i f e  stages. 
It i s  poss ib le  t h a t  male ee l s  p r e f e r  
h ighe r  s a l i n i t i e s  than females and 
move downstream t o  coas ta l  areas a f t e r  
they  are  d i f f e r e n t i a t e d ,  b u t  t h i s  
behav io ra l  p a t t e r n  has n o t  been 
observed and i t  would no t  e x p l a i n  t he  
1  a t i  t u d i  na l  t rend.  
Koehn and W i l l  iams (1978) r e p o r t -  
ed t h a t  e e l s  throughout  t he  species '  
range are p a r t  o f  t he  same spawning 
stock.  They concluded t h a t  d i f f e r -  
ences i n  p r o t e i n  c h a r a c t e r i s t i c s  i n  
ye1 low ee l s  f rom d i f f e r e n t  drainages 
a long the  A t l a n t i c  coas t  r e f l e c t e d  
environmental d i f f e rences .  Th is  
suggests t h a t  l a t i t u d i n a l  v a r i a t i o n s  
i n  t he  sex r a t i o  are n o t  g e n e t i c a l l y  
determined b u t  cou ld  be due t o  v a r i a -  
t i o n s  of environmental f a c t o r s .  Some 
o f  t h e  environmental f a c t o r s  t h a t  
cou ld  be i nvo l ved  i nc lude  food qua1 i t y  
and popu la t ion  dens i t y  (Fahay 1978). 
Parsons e t  a l .  (1977) be l i eved  t h a t  
s tock ing  o f  European ee l  e l v e r s  i n t o  
Lough Neagh, Northern I r e l a n d ,  l e d  t o  
a  h ighe r  popu la t ion  dens i t y  and a  
marked increase i n  the p ropo r t i on  o f  
male ee l s  t h a t  subsequently emigrated 
from the  lake .  S i m i l a r l y ,  Egusa 
(1979) i n d i c a t e d  t h a t  A. a n g u i l l a  
e l v e r s  grown i n  Japanese p o n d s  under 
crowded cond i t i ons  produced males 
predominantly,  suggesting t h a t  v a r i a -  
t i o n s  i n  t h e  sex r a t i o  of American ee l  
popu la t ions  may be r e l a t e d  t o  popula- 
t i o n  dens i ty .  S a l i n i t y  apparent ly  i s  
n o t  an impor tan t  sex determinant;  sex 
r a t i o s  were s i m i l a r  i n  t he  f reshwater  
and b rack i sh  c u l t u r e  ponds s tud ied  by 
Egusa. 
LITERATURE CITED 
B a r i l a ,  F. Y., and J. R. S t a u f f e r ,  J r .  
1980. Temperature b e h a v i o r a l  
resoonses o f  t h e  American e e l .  
~ ~ 
~ n ~ l i  1  l a  r o s t r a t a  ( ~ e ~ u e u r )  , f r o m  
Maryland. H y d r o b i o l o g i a  74:49- 
Bea t t y ,  D. D. 1975. V isua l  p igments  
o f  t h e  American e e l ,  Angui 1  l a  
r o s t r a t a .  V i s i o n  Res. 15:771- 
776. 
B e r t i n ,  L. 1956. Ee ls :  a  b i o l o g i c a l  
s tudy .  Cleaver-Hume Press L td . ,  
London. 197 pp. 
B ieder ,  R. C. 1971. Age and g rowth  
o f  t h e  American e e l  , A n g u i l  l a  
r o s t r a t a  (LeSueur),  i n  Rhode 
I s l a n d .  M.S. Thes is .  U n i v e r s i t y  
o f  Rhode I s l a n d ,  K ings ton ,  R.I. 
39 PP. 
B ige low,  H. B., and W. C. Schroeder.  
1953. F ishes  o f  t h e  G u l f  o f  
Maine. U.S. F i s h  W i l d l .  Serv.  
F i s h .  Bul. 53. 577 pp. 
Crane, J. S., and A. G. Everso le .  
1980. Ec toparas i  t i c  fauna o f  
g l a s s  ee l  and e l v e r  s tages o f  
Aner ican ee l  ( A n q u i l l  a  r o s t r a t a )  . 
Proc. World. M a r i c u l  t. Soc. 
i n t o  f r e s h  wa te r .  J. Conserv. 
24:135-146. 
Dolan, J. A., and G. Power. 1977. Sex 
r a t i o  o f  American e e l s ,  A n g u i l l a  
r o s t r a t a ,  f r o m  t h e  Matamek R i v e r  
system, Quebec, w i t h  remarks on 
problems i n  sexual  i d e n t i f i c a -  
t i o n .  J. Fish. Res. Board Can. 
34:294-299. 
Eales,  J. G. 1968. The e e l  f i s h e r i e s  
o f  e a s t e r n  Canada. B u l l .  F i sh .  
Res . Board Can. 166. 79 pp. 
Eas ley,  J. E., J r . ,  and J. N. Freund. 
1977. An economic a n a l y s i s  o f  
e e l  f a r m i n g  i n  N o r t h  C a r o l i n a .  
N.C. S t a t e  Univ .  Sea Gran t  Publ.  
UNC-SG-77-16, Ra le igh .  2 1  pp. 
Edel , R. K. 1976. A c t i v i t y  rhythms 
o f  m a t u r i n g  American e e l s  
( A n g u i l  l a  r o s t r a t a ) .  Mar. B i o l .  
36: 283-289. 
Edel , R. K. 1979. Locomotor a c t i v i t y  
o f  female s i l v e r  e e l s  ( A n g u i l l a  
r o s t r a t a )  i n  response t o  s h e l t e r  
and u n n a t u r a l  pho toper iods .  
Rapp. P.-V. Reun. Cons. I n t .  
Exp lor .  Mer 174:98-103. 
Ege, V.  1939. A  r e v i s i o n  o f  t h e  genus 
Crane, J ~ . ~  S., and A. G. Eversol  e. I n  A n g u i l l a  Shaw: a  s y s t e m a t i c ,  
p ress .  He lm in th  p a r a s i t e s  o f  p h y l o g e n e t i c  and geograph ica l  
American e e l s  f r o m  b r a c k i s h  s tudy .  Dana Rep. Car l  sberg  
w a t e r .  Proc. Annu. Conf. South- Found. No. 16. 256 pp. 
e a s t .  Assoc. F i s h  W i l d l .  Agen. 
35:357-366. Egusa, S. 1979. Notes on t h e  c u l t u r e  
o f  t h e  European e e l  (An u i l l a  
Deelder ,  C. L. 1958. On t h e  b e h a v i o r  a n g u i l l a  L . )  i n  J a p a n e h  
o f  e l v e r s  (Angui 1  l a  v u l  g a r i s  farming ponds. Rapp. P.-V. Reun. 
T u r t . )  m i g r a t i n g  f r o m  t h e  sea Cons. I n t .  Exp lo r .  Mer 174:51-58. 
Eld red ,  B. 1971. F i r s t  r eco rds  o f  
~ n ~ u i l l a  r o s t r a t a  l a r v a e  i n  t he  
G u l f  o f  Mexico and Yucatan 
S t r a i t s .  F la .  Dep. Nat. Resour., 
Mar. Res. Lab. L e a f l .  Ser. 4 : l -3 .  
Facey, D. E., and G. W. LaBar. 1981. 
B i o l o g y  o f  American e e l s  i n  Lake 
Champlain, Vermont. Trans. Am. 
F ish.  Soc. 110:396-402. 
Fahay, M. P. 1978. B i o l o g i c a l  and 
f i s h e r i e s  da ta  on American e e l ,  
Angu i l  l a  r o s t r a t a  (LeSueur).  U. 
S. Dep. Commer. N a t l .  Mar. F ish .  
Serv. Tech. Ser. Rep. No. 17, 
Nor theas t  F i s h e r i e s  Center ,  
Highlands, N.J. 82 pp. 
Ford, T., and E. Mercer.  1979. Popu- 
l a t i o n  dens i t y ,  s i z e  d i s t r i b u -  
t i o n ,  and home range o f  t h e  
American e e l  (Angu i l  l a  r o s t r a t a )  
i n  t h e  Great  S i  ppewi s s e t t  s a l t  
marsh. (Summary o n l y .  ) B i o l  . 
B u l l .  157:368. 
Gray, R. W., and C. W. Andrews. 1971. 
Age and growth o f  t h e  American 
e e l  (Angu i l  l a  r o s t r a t a  (LeSueur) ) 
i n  Newfoundland wate rs .  Can. J.  
Hanek, G., and K. Molnar.  1974. Para- 
s i t e s  o f  f r eshwa te r  and anadro- 
mous f i s h e s  f rom Matamek R i v e r  
system, Quebec. J. F ish .  Res. 
Board Can. 31:1135-1139. 
Hansen, R. A. 1979. Age, growth, and 
sex r a t i o  o f  t h e -  American e e l ,  
Angu i l  l a  r o s t r a t a  (LeSueur) , i n  
b r a c k i  sh wa te r  p o r t i o n s  o f  Cooper 
R i v e r ,  South Carol  ina.  M.S. 
Thesi s. Clemson U n i v e r s i t v ,  
H a r r e l l ,  R. M. 1977. Age, growth, 
and sex r a t i o  o f  t h e  American 
e e l ,  Angu i l  l a  r o s t r a t a  (LeSueur) , 
i n  t h e  C o o ~ e r  R i ve r ,  South 
Ca ro l i na .  M.S. Thes is .  - Clemson 
U n i v e r s i t y ,  Clemson, S.C. 55 pp. 
H a r r e l l ,  R. M., and H. A. Loyacano, 
J r .  1980. Age, growth and sex 
r a t i o  o f  t h e  American e e l  i n  t h e  
Cooper R i ve r ,  South Ca ro l i na .  
Proc. Annu. Conf. Southeast.  
Assoc. F ish .  W i l d l .  Agen. 34:349- 
359. 
Helfman, G. S., D. L. Stoneburner,  E. 
L. Bozeman, P. A. C h r i s t i a n ,  and 
R. Whalen. 1983. U l t r a s o n i c  
t e l e m e t r y  o f  American ee l  move- 
ments i n  a t i d a l  creek.  Trans. 
Am. F ish.  Soc. 112: 105-110. 
H i l l ,  L. J.  1969. React ions o f  t h e  
American e e l  t o  d i s s o l v e d  oxygen 
tens ions .  Tex. J.  Sc i .  20:305- 
313. 
H in ton ,  M. J., and A. G. Everso le .  
1978. T o x i c i t y  o f  t e n  commonly 
used chemica ls  t o  American e e l s .  
Proc. Annu. Conf. Southeast .  
Assoc. F ish .  W i l d l .  Agen. 32:599- 
604. 
H in ton ,  M. J., and A. G. Eversol  e. 
1979. T o x i c i t y  o f  t e n  chemica ls  
commonly used i n  aquacu l t u re  t o  
t h e  b l a c k  e e l  s tage o f  t h e  
American e e l .  Proc. World 
Ma r i cu l  t. Soc. 10:554-560. 
Hinton, M. J., and A. G. Eversole.  
1980. T o x i c i t y  and t o 1  erance 
s t u d i e s  w i t h  ye1 1 ow-phase ee l s .  
Prog. F ish-Cul  t. 42: 201-203. 
- - 
C l  emson, S.C. 45 pp. Holmberg, B., and R. L. Saunders. 
1979. The e f f e c t s  o f  penta-  
Hansen, R. A., and A. G. Eversole.  ch lo ropheno l  on swimming p e r f o r -  
I n  press. Age, growth,  and sex mance and oxygen consumption i n  
r a t i o  o f  t h e  American eel  i n  t h e  American e e l  ( A n g u i l l a  
b r a c k i s h  water  p o r t i o n s  o f  t h e  r o s t r a t a ) .  Rapp. P.-V. Reun. 
Cooper R i ve r ,  South Carol  ina.  Cons. I n t .  Exp lo r .  Mer 174:144- 
Trans. An. Fish. Soc. 149. 
Hornberger, M. L. 1978. Coastal  
P l a i n s  American ee l  study. Pages 
42-50 i n  Progress r e p o r t  f o r  
O c t o b e r 1 9 7 7  through January 
1978. S.C. W i l d l .  Mar. Res. 
Dep., Char leston.  
Hornberger, M. L., J. S. Tuten, A. 
Eversol e, J. Crane, R. Hansen, 
and M. Hinton. 1978. American 
eel i n v e s t i g a t i o n s .  Completion 
r e p o r t  f o r  March 1977-July 1978. 
S.C. W i l d l .  Mar. Res. Dep., 
Char1 es ton, and C l  emson Un i v .  , 
C1 emson. 311 pp. 
Hu le t ,  W. H., J. F ischer ,  and B. 
Rietberg.  1972. E l e c t r o l y t e  
composi t ion o f  angui 11 i f o r m  
l ep tocepha l i  f rom t h e  S t r a i t s  o f  
F l o r i d a .  B u l l .  Mar. Sc i .  
22: 432-448. 
Hur ley,  D. A. 1972. The American ee l  
(Angui 11 a r o s t r a t a )  i n  eas te rn  
Lake Ontar io .  J. F ish.  Res. 
Board Can. 29:535-543. 
J e f f r i e s .  H. P. 1960. Win te r  occur-  
rendes o f  Anqu i l l  a r o S t r a t a  
e l v e r s  i n  New England and Midd le  
At1 a n t i c  es tua r i es .  Limn01 . 
Oceanogr. 5:338-340. 
Johnson, J. S. 1974. Sex d i s t r i b u -  
t i o n  and age s tud ies  o f  A n g u i l l a  
r o s t r a t a  (American ee l  ) i n  f r e s h  
waters  o f  t h e  Delaware R iver .  
M.S. Thesis. East Stroudsburg 
S ta te  Col lege, East Stroudsburg, 
Pa. 57 pp. 
Keefe, S. G. 1982. The American ee l  
(Angu i l  l a  r o s t r a t a )  f i s h e r y  i n  
t h e  commercial waters o f  Nor th  
Caro l ina .  Pages 50-51 i n  K. H. 
Lo f t us ,  ed. Proceedi n g s o f  t h e  
1980 Nor th  American ee l  con fe r -  
ence. On ta r i o  F ish.  Tech. Rep. 
Ser. No. 4, On ta r i o  M i n i s t r y  o f  
Nat. Resour., Toronto. 97 pp. 
Kleckner, R. C., and W. H. Kruger. 
1981. Changes i n  swim b ladder  
r e t i a l  morphology i n  Angui 1 l a  
r o s t r a t a  du r i ng  p rem ig ra t i on  
metamorphosis. J. F i s h  B i o l  . 
18:569-577. 
Koehn, R. K., and G. C. Wi l l i ams.  
1978. Genetic d i f f e r e n t i a t i o n  
w i t h o u t  i s o l a t i o n  i n  t h e  American 
e e l ,  A n g u i l l a  r o s t r a t a .  11. 
Temporal s t a b i  1 i t y  o f  geographic 
pa t t e rns .  Evo lu t i on  32:624-637. 
Komourdjian, M. P., W. C. Hu lber t ,  J. 
C. Fenwick, and T. W. Moon. 1977. 
D e s c r i p t i o n  and f i r s t  occurrence 
o f  ~ ~ x i d i u m  zealandicum (Pro to -  
zoa: M v x o s ~ o r i d i a )  i n  t h e  North 
~ m e r i c a n  ee l  
LeSueur. Can. 
Marcy, B. C., J r .  1973. V u l n e r a b i l i t y  
and s u r v i v a l  o f  young Connect icut  
R i ve r  f i s h  en t ra i ned  a t  a nuc lea r  
power p l a n t .  J. F ish.  Res. Board 
Can. 30: 1195-1203. 
McCord, J. W. 1977. Food h a b i t s  and 
e l v e r  m i s r a t i o n  o f  American 
eel , G q u i l  l a  ros  t r a t a  , 
(LeSueu r )  , i n  Cooper R iver ,  
South Carol ina.  M.S. Thesis. 
C1 emson Un i ve rs i t y ,  C1 emson, 
S.C. 4 7 p p .  
Michener, W. K. 1980. Age, growth, 
and sex r a t i o  o f  t h e  American 
ee l ,  Angui 1 l a  r o s t r a t a  (LeSueur) , 
f rom Char leston Harbor. South 
Caro l ina .  M.S. Thesis. Clemson 
Un i ve rs i t y ,  Clemson, S.C. 49 pp. 
M i les ,  S. G. 1968. Laboratory e x p e r i -  
ments on t h e  o r i e n t a t i o n  o f  t h e  
a d u l t  American e e l  , An u i  1 l a  
r o s t r a t a .  J. F ish.  Res- 
Can. 25:2143-2155. 
Ogden, J. C. 1970. R e l a t i v e  abun- 
dance, food hab i t s ,  and age o f  
t h e  American ee l ,  A n g u i l l a  
r o s t r a t a  (LeSueur) , i n  c e r t a i n  
New Jersey streams. Trans. Am. 
Fish. Soc. 99:54-59. 
Pacheco, A. L., and G. C. Grant. 1973. 
Immature f i s h e s  assoc ia ted  w i t h  
1 a r v a l  A t 1  a n t i c  menhaden a t  
I n d i a n  R i v e r  I n l e t ,  Delaware, 
1958-61. Pages 78-117 i n  A. L. 
Pacheco, ed. Proceedings of a 
workshop on egg, l a r v a l ,  and 
j u v e n i l e  s tages o f  f i s h  i n  
A t l a n t i c  c o a s t  e s t u a r i e s .  M i d d l e  
A t l a n t i c  Coasta l  F i s h e r i e s  Center  
Tech. Publ .  No. 1. 
Parsons, J., K. U. V i c k e r s ,  and Y .  
Warden. 1977. R e l a t i o n s h i p  
between e l v e r  r e c r u i t m e n t  and 
changes i n  t h e  sex r a t i o  o f  
s i l v e r  e e l s  A n g u i l l a  a n g u i l l a  L. 
m i g r a t i n g  f r o m  Lough Neagh, 
N o r t h e r n  I r e l a n d .  J .  F i sh .  B i o l  . 
10:211-229. 
Poluhowich, J. J. 1972. A d a p t i v e  
s i g n i f i c a n c e  o f  e e l  mu1 t i p l e  
hemogl o b i  ns. Phys i  01. Zoo1 . 
45:215-222. 
Robins, C. R., D. M. Cohen, and C.  H. 
Robins. 1979. The e e l s ,  Angu iq la  
and H i s t i o b r a n c h u s ,  photographed 
on t h e  f l o o r  o f  t h e  A t l a n t i c  i n  
t h e  Bahamas. B u l l .  Mar. S c i .  
29:401-405. 
Rommel, S. A., J r . ,  and A. B. Stasko. 
1973. E l e c t r o n a v i g a t i o n  by e e l s .  
Sea F r o n t i e r s  19: 219-223. 
Schmidt,  J. 1913. F i r s t  r e p o r t  on 
e e l  i n v e s t i g a t i o n s  1913. Rapp. 
P.-V. Reun. Cons. I n t .  Exp lo r .  
Mer 18: l -30.  
Schmidt,  J. 1923. The b r e e d i n g  p l a c e s  
o f  t h e  e e l .  P h i l o s .  Trans. .R. 
Soc. Lond. B. B i o l .  Sc i .  211:179- 
208. 
Schmidt,  J. 1925. The b r e e d i n g  p l a c e s  
o f  t h e  e e l .  Smithson. I n s t .  
Annu. Rep. f o r  1924:279-316. 
Seymour, N. R. 1974. Grea t  b l a c k -  
banded g u l l s  f e e d i n g  on 1 i v e  
e e l s .  Can. F i e l d - N a t .  88: 352-353. 
Sheldon, W. W. 1974. E l v e r s  i n  Maine; 
techn iques  o f  l o c a t i n g ,  c a t c h i n g ,  
and h o l d i n g .  Maine Dep. Mar. 
Resour. 27 pp. 
Sinha, V. R. P., and J. W. Jones. 
1967. On t h e  f o o d  o f  t h e  f r e s h -  
w a t e r  e e l s  and t h e i r  f e e d i n g  
r e l a t i o n s h i p  w i t h  sa lmonids.  J .  
Zool  . (Lond. ) 153: 119-137. 
Smith,  D. G. 1968. The occur rence  o f  
l a r v a e  o f  t h e  American e e l ,  
A n g u i l l a  r o s t r a t a ,  i n  t h e  S t r a i t s  
o f  F l o r i d a  and nearby areas.  
B u l l .  Mar. S c i  . 18:280-293. 
Smith,  M. W. ,  and J .  W. Saunders. 
1955. The American e e l  i n  
c e r t a i n  f r e s h  w a t e r s  o f  t h e  
M a r i t i m e  Prov inces  o f  Canada. J. 
F i s h .  Res. board  Can. 12:238-269. 
Sparre ,  P. 1979. Some necessary  
ad jus tments  f o r  u s i n g  t h e  common 
methods i n  e e l  assessment. Rapp. 
P.-V. Reun. Cons. I n t .  E x p l o r .  
Mer 174:41-44. 
Stasko,  A. B., and S. A. Rommel, J r .  
1977. U l t r a s o n i c  t r a c k i n g  o f  
A t l a n t i c  salmon and e e l s .  Rapp. 
P.-V. Reun. Cons. I n t .  E x p l o r .  
Mer 179:36-40. 
Sykes, D. P. 1981. M i g r a t i o n  and 
development o f  young American 
e e l s ,  Angui l l a  r o s t r a t a ,  i n  
c o a s t a l  N o r t h  car- N.C. 
S t a t e  Univ .  Sea G r a n t  Working 
Pap. 81-5, Ra le igh .  34 pp. 
Taning, A. V .  1938. Deep-sea f i s h e s  
of  t h e  Bermuda Oceanographic 
E x p e d i t i o n .  Fami l y  Angu i l  1 i d a e .  
Z o o l o g i c a  (N. Y.  ) 23:313-318. 
Tesch, F. W. 1977. The e e l .  J. 
Greenwood, t r a n s l a t o r .  Chapman 
and Hal 1, London. 422 pp. 
Topp, R., and R. Raulerson. 1973. 
E l v e r  i n v e s t i g a t i o n s  i n  t h e  
sou theas t .  U.S. N a t l .  Mar. F i sh .  
Serv. Mar. F i sh .  Rev. 35:45-47. 
Vladykov, V. D. 1955. Eel f i s h e s  o f  
Quebec. Quebec Dep. o f  F ish.  
Album No. 6:l-12. 
Vladykov, V. D. 1964. Quest  f o r  t h e  
t r u e  b reed ing  area o f  t h e  Ameri- 
can e e l  ( A n g u i l l a  r o s t r a t a  
LeSueur). J. F ish .  Res. Board 
Can. 21:1523-1530. 
Vladvkov. V.  D. 1966. Remarks on t h e  
" ~ m e r i c a n  ee l  (Angu i l  l a  r o s t r a t a  
LeSueur ) .  S izes o f  e l v e r s  
e n t e r i n g  streams; t h e  r e l a t i v e  
abundance o f  a d u l t  males and 
females; and p resen t  economic 
impor tance o f  e e l s  i n  IVorth 
America. Verh. I n t .  Vere in .  
Theor. Angew . Limn01 . 
16: 1007-1017. 
Vladykov, V .  D.  1973. Macrophthalmia 
i n  t h e  American ee l  (Angu i l  l a  
r o s t r a t a ) .  J. F i sh .  Res. Board 
Can. 30:689-693. 
Vladykov, V. D., and H. March. 1975. 
D i s t r i b u t i o n  o f  l ep tochepha l  i o f  
t h e  two spec ies o f  A n g u i l l a  i n  
t h e  wes te rn  No r t h  A t l a n t i c  based 
on c o l l e c t i o n s  made between 1933 
and 1968. Syl  logeus 6: 1-38. 
Wenner, C. A. 1973. Occurrence o f  
American e e l s ,  Angu i l  l a  r o s t r a t a ,  
i n  wa te r  o v e r l y i n g  t h e  eas te rn  
No r t h  American Con t i nen ta l  She1 f. 
J. F ish .  Res. Board Can. 
30:1752-1755. 
Wenner, C. A,, and J. A. Musick. 1974. 
Fecund i t y  and gonad obse rva t i on  
o f  t h e  American e e l ,  A n g u i l l a  
r o s t r a t a ,  m i g r a t i n g  from Chesa- 
peake Bay, V i r g i n i a .  J. F ish .  
Res. Board Can. 31:1387-1391. 
Wenner, C. A,, and J. A. Musick. 1975. 
Food h a b i t s  and seasonal abun- 
dance o f  t h e  American e e l ,  
A n g u i l l a  r o s t r a t a ,  f r om  t h e  l owe r  
Chesaoeake Bav. Chesaoeake Sc i .  
I REPORT DOCUMENTATION ? L " E ~ W  NO- 1 3. R*cioi*nt'a Accession NO. 
PAGE I FWSIOBS-82111.24' 
I t i c ) - -Amer i can  e e l  l 6. 
4. n t l e  end ~ u b t l t l e  Species P r o f i l e s :  L i f e  H i  s t o r i e s  and Env i ronmenta l  
Requirements o f  Coasta l  F ishes and I n v e r t e b r a t e s  (South At1  an- 
5. ~ e o o r t  oat* 
J u l y  1984 
9. Pedormlng O ~ a n l z a t b n  Name and Address 10. P r ~ ~ ~ t t l T ~ s k l W ~ r k  unit NO.
Georgia Cooperat ive  F i s h e r y  Research U n i t  
School o f  F o r e s t  Resources 11. fon t rac l lO  or Crant(C) No. 
U n i v e r s i t y  o f  Georgia 
Athens, GA 30602 
I 
7. Author(s) 
Michael  J.  Van Den Avy le  
16. Abstrset (Limit: 200 words) 
Species p r o f i l e s  a r e  l i t e r a t u r e  summaries o f  taxonomy, l i f e  h i s t o r y ,  and env i ronmenta l  
requ i rements  o f  c o a s t a l  f i s h e s  and a q u a t i c  i n v e r t e b r a t e s .  They a r e  prepa.red t o  a s s i s t  
w i t h  impac t  assessment. The American e e l ,  Angu i l  l a  r o s t r a t a ,  i s  an e c o l o g i c a l l y  and 
economica l l y  i m p o r t a n t  catadromous spec ies  t h a t  occup ies  f reshwa te r  streams, r i v e r s ,  
b r a c k i s h  e s t u a r i e s ,  and t h e  open ocean d u r i n g  v a r i o u s  phases o f  i t s  l i f e  c y c l e .  A d u l t  
e e l s  a p p a r e n t l y  spawn i n  t h e  Sargasso Sea, and ocean c u r r e n t s  t r a n s p o r t  t h e  deve lop ing  
l a r v a e  nor thward u n t i l  t h e  young metamorphose i n t o  j u v e n i l e s  capab le  o f  swimning 
shoreward and moving upstream i n t o  c o a s t a l  areas,  e s t u a r i e s ,  and r i v e r s .  Deve lop ing 
e e l s  comnonly remain  i n  f r e s h w a t e r  o r  b r a c k i s h  areas f o r  10-12 yea rs  b e f o r e  m i g r a t i n g  
t o  spawn. American e e l s  tend t o  be bo t tom-dwe l le rs  and feed  on a  v a r i e t y  o f  fauna 
t h a t  occup.y t h e  same h a b i t a t s .  E e l s  occupy areas h a v i n g  w ide  ranges o f  temperature ,  
s a l i n i t y ,  and o t h e r  env i ronmenta l  f a c t o r s ,  sugges t i ng  broad t o l e r a n c e  1  i m i t s  , b u t  few 
s t u d i e s  o f  requ i remen ts  have been r e p o r t e d .  S a l i n i t y  p a t t e r n s  and wa te r  c u r r e n t s  
c rea ted  by r i v e r  d i scha rges  i n t o  c o a s t a l  areas a p p a r e n t l y  p r o v i d e  t h e  g r a d i e n t  t h a t  
cues shoreward m i g r a t i o n  o f  j u v e n i l e  e e l s .  A l t e r a t i o n  o f  p a t t e r n s  o f  f reshwater  
i n f l o w s  t o  e s t u a r i e s  and bays cou ld  a f f e c t  upstream m i g r a t i o n s .  
6. Performing Organiralion Reot. No. 
IZ Soonsoring Organization Name and Address 
N a t i o n a l  Coastal  Ecosystems Team U.S. Army Corps o f  Engineers 
F i s h  and W i l d l i f e  S e r v i c e  Waterways Exper iment S t a t i o n  
U.S. Department o f  t h e  I n t e r i o r  P.O. Box 631 
Washington, DC 20240 Vicksburg,  MS 39180 
17. Oocummt Arulysls a. D e u r i m o n  Eel 
D i s t r i b u t i o n  
M i g r a t i o n  
Feed i ng 
R i v e r s  
13. T y w  of ReoOrt 6 Period Covered 
11. 
I b Idontlnen/Op.n.Endad Terms 
15. S u o p ( e m e n t 8 ~  Notes 
* U.S. Army Corps o f  Eng ineers  r e p o r t  No. TR EL-82-4 
A n g u i l l  a  r o s t r a t a  
Ca tad  romou s  
L i f e  h i  s t o r y  
Environmental  requ i rements  
I IL Awallablllt). Statement I U n l i m i t e d  1 19. Suur10. Class (This Reoonl 1 21. No. of Pager 1 U n c l a s s i f i e d  19  
-- 
! 20. Securitr Class CThir Paeel i 22. price 
/ ~ n c l - a s s i f i e d -  I 
(See A N S C U 9 . 1 0  OPTIONAL FORM 272 :--7 
(Formerly N T I S 3 5 )  
Deoanment of Commerce 
REGION 1 
Regional Director 
U.S. Fish and Wildlife Service 
Lloyd Five Hundred Building, Suite 1692 
500 N.E. Multnornah Street 
Portland, Oregon 97232 
REGION 4 
Regional Director 
U.S. Fish and Wildlife Service 
Richard B. Russell Building 
75 Spring Street, S.W. 
Atlanta, Georgia 30303 
REGION 2 REGION 3 
Regional Director Regional Director 
U.S. Fish and Wildlife Service U.S. Fish and Wildlife Service 
P.O. Box 1306 Federal Building, Fort Snelling 
Albuquerque, New Mexico 87 103 Twin Cities, Minnesota 55 1 1 1 
REGION 5 REGION 6 
Regional Director Regional Director 
U.S. Fish and Wildlife Service U.S. Fish and Wildlife Service 
One Gateway Center P.O. Box 25486 
Newton Corner, Massachusetts 02158 Denver Federal Center 
Denver, Colorado 80225 
REGION 7 
Regional Director 
U.S. Fish and Wildlife Service 
101 1 E. Tudor Road 
Anchorage, Alaska 99503 
DEPARTMENT OF THE INTERIOR 
U.S. FISH A I D  WILDLIFE SERVICE 
As the Nation's principal conservation agency, the Department of the Interior has respon- 
sibility for most of our,nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and water resources, protecting our fish and wildlife, 
preserving theenvironmental and cultural values of our national parks and historical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for people who live in island territories under 
U.S. administration. 
